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(54) FORMATION OF LAYER PEROVSKTTE FILM 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide the formation of the thin 
film having high remnant polarization and a which Curie temp, with a 
low treatment temp. 

SOLUTION: This formation comprises: a stage for preparing a first 
solution by dissolving bismuth 2-ethy!hexanoate into a first solvent; 
a stage for preparing a second solution by dissolving strontium 
acetate into a second solvent; a stage for preparing a third solution 
by dissolving tantalum ethoxide into a third solvent; a stage for 
preparing a homogenous solution by mixing all the first to third 
solutions prepared in the above respective stages together; and a 
stage for forming a film on a substrate by depositing the 
homogenous solution on the substrate, wherein all the stages for 
preparing the above solutions are performed at the outside room 
temp. 
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■C. l*iB*«£iigiaM£*7x-y > ^£ ;D g ;& ;s 6 

«t£l£f IMtJIl 0K:iBig©)Kfi£^^. 
[|»*^ 1 2 ] «JsBI3 1 ©j8$£a*2 -x*;l^*tf-> 
«WBSI2©jgJ8*s|fc8t?*»), «riBf&3©jg 
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Ferroelectric Memories", Science,lS83#M) = 

ftsts^ffi (±p r ) fit*«^-c#s. -r«t*)^»^ 
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». Sffi«i:»fl!i^©^.r3^h*iJ:i5S<j&:S©-e. 5S 
B$IBr©:/n-fe*rtiMgLA>. c©^"D-fex«. -*n:7 

F- 1> ^«c*f Lr feWffl-C*-S. 

[0 03 3] C©7"D-bXtt^>^l/-r. gfjfc© 

20 -C». 0fM©l8BI{b^Bl©^4i^4a©^R^ 

tt. mm&*mi?z. wtitmrnim^tcisbcomm. 

^S©IBg*S5C«, CDT^3+'>F©^K:«fc57^ 
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9 

JSCCKlS-rS. ^fifc944©^fc#l/rTA-3*i/F£ 
©^TA:a*^ F©^#«¥<bffi£©j§&#J|&5 C 

mm* z. ffl»sf»ifeaibas€r±^3 

S!is*>f^oii»-f ^->*5m-o-m' -^y ?^ibj*jo§i 
***-*-c*wtK$wrrr&. *nett©isi>igss£ieis 

7;U=i*'>F«:Bg-r^fc©/c*i % S^^Jia (rrrixed-roe 
tal species) #Jgfi£3*i;fc#><*:5*>. &tf£JSia©{b 
^Sa**0S(l-rSC«!:-C25i. flfeCD^ITAa+^F?? 
iTFtN^JSTrt^+^F©^!^ ifrTtstateS 
*ifc£jS«©J&S;, o£9 U-<->l>r©$f|£fe*;g 

$J®&ig*K©lS$iK:*>Kfre>-3\ M7X2-y 
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CLAIMS 



[Claim(s)] 

[Claim 1] a) The process which is made to dissolve 2-ethylhexanoic acid bismuth in the 1st solvent, and 
prepares the 1st solution, b) The process which is made to dissolve strontium acetate in the 2nd solvent, and 
prepares the 2nd solution, c) The process which is made to dissolve tantalum ethoxide in the 3rd solvent, 
and prepares the 3rd solution, d) — this ~ from a — this — with the process which is made to mix the solution 
prepared at each process of c, and prepares one homogeneous solution e) — this — the process which 
deposits a homogeneous solution on a substrate and forms the film on this substrate — including — **** — 
this — from a — this — the formation approach of the stratified perovskite film that the process to d is 
performed at an external world room temperature. 

[Claim 2] The formation approach according to claim 1 which includes further the process which carries out 
annealing of said substrate and said film at the temperature between 600 degrees C and 750 degrees C. 
[Claim 3] The formation approach according to claim 1 that said 1st solvent is 2-ethylhexanoic acid, said 
2nd solvent is an acetic acid and said 3rd solvent is 2-methoxyethanol. 

[Claim 4] The formation approach according to claim 3 which includes further the process which adds about 
30% of superfluous bismuth. 

[Claim 5] the process which forms an up electrode and a lower electrode — it is — this — the formation 
approach according to claim 1 which includes further the process which forms capacitor structure when two 
electrodes put said film. 

[Claim 6] a) The process which is made to dissolve 2-ethylhexanoic acid bismuth in the 1st solvent, and 
prepares the 1st solution, b) The process which is made to dissolve strontium acetate in the 2nd solvent, and 
prepares the 2nd solution, c) The process which is made to dissolve titanic-acid isopropyl and tantalum 
ethoxide in the 3rd solvent, and prepares the 3rd solution, d) — this — from a — this — with the process which 
is made to mix the solution prepared at each process of c, and prepares one homogeneous solution e) — this - 

- the process which deposits a homogeneous solution on a substrate and forms SrBi(l-x)2Ta209- 
xBi3TiTa09 film on this substrate — including — **** — this — from a — this — d — until — the formation 
approach of the stratified perovskite film that a process is performed at an external world room temperature. 
[Claim 7] The formation approach according to claim 6 which includes further the process which carries out 
annealing of said substrate and said film at the temperature between 600 degrees C and 750 degrees C. 
[Claim 8] The formation approach according to claim 6 that said 1st solvent is 2-ethylhexanoic acid, said 
2nd solvent is an acetic acid and said 3rd solvent is 2-methoxyethanol. 

[Claim 9] the process which forms an up electrode and a lower electrode — it is — this — the formation 
approach according to claim 6 which includes further the process which forms capacitor structure when two 
electrodes put said film. 

[Claim 10] a) The process which is made to dissolve 2-ethylhexanoic acid bismuth in the 1st solvent, and 
prepares the 1st solution, b) The process which is made to dissolve strontium acetate in the 2nd solvent, and 
prepares the 2nd solution, c) The process which is made to dissolve titanic-acid isopropyl, tantalum 
ethoxide, and niobium ethoxide in the 3rd solvent, and prepares the 3rd solution, d) ~ this — from a — this — 
with the process which is made to mix the solution prepared at each process of c, and prepares one 
homogeneous solution e) — this — the process which deposits a homogeneous solution on a substrate and 
forms SrBi(l-x)2Ta209-xBi3TiNb09 film on this substrate - including - **** - this - from a - this - d - 

- until — the formation approach of the stratified perovskite film that a process is performed at an external 
world room temperature. 

[Claim 1 1] The formation approach according to claim 10 which includes further the process which carries 
out annealing of said substrate and said film at a certain temperature between 600 degrees C and 750 
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degrees C. 

[Claim 12] The formation approach according to claim 10 that said 1st solvent is 2-ethylhexanoic acid, said 
2nd solvent is an acetic acid and said 3rd solvent is 2-methoxyethanol. 

[Claim 13] the process which forms an up electrode and a lower electrode ~ it is — this — the formation 
approach according to claim 10 which includes further the process which forms capacitor structure when 
two electrodes put said film. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the formation approach of the film which becomes a wide 
sense from these ingredients using the chemistry precursive solution in non- volatile random access memory 
and an accumulation electronic device especially prepared under room temperature conditions about the 
directions of the solid solution of a stratified perovskite ingredient like SrBi(l-x)2Ta209-xBi3Ti(Tal-yNby) 
09. 
[0002] 

[Description of the Prior Art] Since a ferroelectricity thin film may be applied to a non-volatile random- 
access-memory (NVRAM) device and a dynamic random-access-memory (DRAM) device, it attracts 
attention considerably (J. F.Scott et al., "Ferroelectric Memories", Science, 1989 reference). The basic 
property of a ferroelectric material can hold two stable remanence (**Pr) values, even when electric field 
are zero, namely, they are a nonvolatile thing and that polarization reversal to another stable polarization 
condition from one polarization condition is performed by impressing electric field. The ferroelectric 
material fits application to a memory device for this property. That the property of a request of the 
ferroelectricity thin film for applying to memory has a high polarization value, that the difference of 
saturation polarization (Ps) and a remanence (Pr) is small, a coercive electric field's (Ec's)'s being small, and 
the most important thing are the high endurance which can bear the repeat of many reversal. In addition, in 
order to be useful, the ferroelectric material used for a memory array must have high retention and an 
imprint property. It must go over this film on the surface of [ whole ] an integrated circuit (IC), and it must 
have very uniform presentation and thickness. By it, the capacitance relevant to each memory cell becomes 
equivalent. Moreover, don't have influence harmful to the circuit currently installed in the bottom of a thin 
film in a process required for formation of a ferroelectricity thin film. 

[0003] Although many ingredients show a ferroelectricity, as for two ingredient systems (for example, 
PbZrl-xTix03), i.e., perovskite, and stratified perovskite (for example, SrBi2Ta 209 and SrBi2Nb 209), 
research for application in memory has been done widely. Parameters important in case it applies to memory 
are reversal of polarization, fatigue, the residual of polarization, an imprint, and a leakage current property. 
[0004] The implementation of the technique of the non-volatile FRAM which uses PZT as the base which 
can be carried out commercially has been barred by 1 of the problem of the dependability of a PZT 
ferroelectricity capacitor, or the technical problems relevant to growth and processing of a ferroelectricity 
capacitor layer, or the combination of those technical problems. The PZT film which grew on a metal 
electrode like Pt shows the fall of polarization accompanied by high fatigue, i.e., a switching cycle. The 
technical problem about polarization fatigue is solvable instead of a metal Pt electrode only by using a 
metallic-oxide electrode like Ru02, a perovskite metallic-oxide electrode of arbitration like 
La0.5Sr0.5CoO9, or a hybrid metallic-oxide electrode for the practical purpose. Although it has inquired 
widely about the ferroelectric material of the lead base, since there is a trouble in the insurance on fatigue 
and an environment and the anxiety on health, the interest about SrBi2Ta 209 (SBT) belonging to a 
stratified perovskite system has recently increased. Since the stratified perovskite ingredient is excellent in 
fatigue, maintenance, and electrical characteristics, it is attractive. SBT is an ingredient promising for 
application in memory because of the low leakage current, a good fatigue property, and a maintenance 
property. In case a SBT ingredient is used, mainly being restricted is that the high processing temperature 
(800 to 850 degree C) which makes it very difficult to pile up a high density CMOS device directly, the 
comparatively low remanence Pr, and a low Curie temperature are called for. The capacitor of PZT and the 
SBT base is compared (an advantage and fault), and the main points are shown below. 
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[0005] - The capacitor of the PZT base has bigger polarization (40-50microC/cm2) than the capacitor (- 
20microC/cm2) of the polycrystal SBT base developed until now. 

[0006] - The PZT layer with a pure perovskite structure and a good electrical property can be formed at 
temperature (600 to 700 degree C) lower generally than the formation temperature (750 to 850 degree C) of 
the SBT layer depending on a specific film deposition technique. 

[0007] - The capacitor of the PZT base needs an oxide electrode or a hybrid metallic-oxide electrode 
technique, in order to obtain two important electrical properties of FRAM called the fatigue and the imprint 
of extent which can be disregarded. Composition of these electrodes is more complicated than composition 
of a pure metal electrode like Pt. 

[0008] - The capacitor of the PZT base contains Pb. Pb is producing the contamination problem and the 
harmful problem in the production process. 

[0009] - The capacitor of the SBT base shows the fatigue and the imprint which can be disregarded using 
simpleer Pt electrode technique. 

[0010] - A SBT layer has a good electrical property, even when very thin (<100nm). 

[001 1] The main troubles which should be conquered in order to realize a practical high density memory 

device are described below. 

[0012] - The capacitor of the SBT base has polarization lower than the capacitor of the PZT base. When 
designing a capacitor in submicron magnitude required for such memory, an essential high polarization 
value is indispensable and obtains. This can serve as a technical problem when applying SBT to high density 
memory. 

[0013] - The composition with a suitable stratified perovskite structure of SBT needs the elevated 
temperature (800 to 850 degree C) depending on a film deposition technique. This processing temperature is 
high to the processing temperature of a standard semiconductor device, therefore the efforts for for lowering 
temperature are required. 

[0014] - The Curie temperature of SBT is low (-310 degrees C). In order that strong dielectric 
characteristics may depend to Curie temperature strongly, a higher Curie temperature is required for 
application in memory. If operating temperature approaches Curie temperature, strong dielectric polarization 
will decrease quickly. Therefore, in order to hold stable fixed polarization, Curie temperature needs quite to 
be an elevated temperature than the operating-temperature range. 
[0015] 

[Problem(s) to be Solved by the Invention] E.C. Paper by Subbarao "A Family of Ferroelectric Bismuth 
Compounds" (J. Phys.Chem. Solids, Vol.23, pp. 665-676 (1962)) is indicated about the ingredient with 
60SrBi2N6209-Bi3TiN9 presentation. The above-mentioned paper is indicated about the bulk material, and 
neither a property nor application is indicated. Moreover, the above-mentioned paper is not indicated or 
suggested about the compound by the film formation approach which is indicated below on these 
specifications. United States patent No. 5,423,285 (Araujo et al., 1993) have indicated an certain aspect of 
affairs in manufacture of a stratified perovskite ingredient. However, it has not indicated or suggested about 
generation or use of the solid solution which is indicated below on these specifications. The compound 
indicated by Araujo et al. has strong dielectric characteristics lower than the compound of this invention in 
the annealing temperature of 750 degrees C. Moreover, this invention offers comparatively high strong 
dielectric characteristics in the annealing temperature of 650 degrees C or less. In addition, according to the 
formation approach of this invention, a precursive solution can be prepared with ambient temperature (as 
[ be / lower than about 35 degrees C ]). It is the remarkable advance from this very thing and the above- 
mentioned advanced technology. By the corresponding manufacture approach (it is (like Araujo et al.)) well- 
known to the applicant of a previous patent, it is because it is necessary to heat a precursive solution at 
temperature which exceeds 70 degrees C and which rose. 

[0016] The final superior nature of a ferroelectricity thin film is dependent on the autogenous property of the 
ingredient, a processing technique, annealing processing, and an external cause-factor like a substrate or an 
electrode. SBT is the present most promising ingredient. However, in the technique about the capacitor of 
the SBT base, a technical problem called high processing temperature, a low remanence, and a low Curie 
temperature must be conquered. 

[0017] The place which it is made in order that this invention may solve the above-mentioned technical 
problem, and is made into the purpose is to offer the approach of forming the thin film which has a high 
remanence and a high Curie temperature at low processing temperature. 
[0018] 

[Means for Solving the Problem] The process which the stratified perovskite film formation approach of this 
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invention makes dissolve 2-ethylhexanoic acid bismuth in the 1st solvent, and prepares the 1st solution, The 
process which is made to dissolve strontium acetate in the 2nd solvent, and prepares the 2nd solution, The 
process which is made to dissolve tantalum ethoxide in the 3rd solvent, and prepares the 3rd solution, the 
process which is made to mix the solution prepared at each process, and prepares one homogeneous solution 
— this — a homogeneous solution is deposited on a substrate, the process which forms the film on this 
substrate is included, and the above-mentioned purpose is attained by performing these processes at an 
external world room temperature. 

[0019] In addition, it is desirable to include further the process which carries out annealing of said substrate 
and said thin film at the temperature between 600 degrees C and 750 degrees C. Furthermore, said 1st 
solvent may be 2-ethylhexanoic acid, said 2nd solvent may be an acetic acid and said 3rd solvent may be 2- 
methoxyethanol. Moreover, about 30% of superfluous bismuth may be added, furthermore, an up electrode 
and a lower electrode — this — when two electrodes put said film, the process formed so that capacitor 
structure may be formed may be included. 

[0020] The formation approach of the stratified perovskite film of this invention The process which is made 
to dissolve 2-ethylhexanoic acid bismuth in the 1st solvent, and prepares the 1st solution, The process which 
is made to dissolve strontium acetate in the 2nd solvent, and prepares the 2nd solution, The process which is 
made to dissolve titanic-acid isopropyl and tantalum ethoxide in the 3rd solvent, and prepares the 3rd 
solution, The process which is made to mix the solution prepared at each process, and prepares one 
homogeneous solution, this — a homogeneous solution is deposited on a substrate, the process which forms 
SrBi(l-x)2Ta209-xBi3TiTa09 film on this substrate is ****( e d), and the above-mentioned purpose is 
attained by performing these processes at an external world room temperature. 

[0021] In addition, it is desirable to include further the process which carries out annealing of said substrate 
and said thin film at the temperature between 600 degrees C and 750 degrees C. Furthermore, said 1st 
solvent may be 2-ethylhexanoic acid, said 2nd solvent may be an acetic acid and said 3rd solvent may be 2- 
methoxyethanol. moreover, the process which forms an up electrode and a lower electrode — it is — this — 
when two electrodes put said film, the process which forms capacitor structure may be included further. 
[0022] The process which the stratified perovskite film formation approach of this invention makes dissolve 
2-ethylhexanoic acid bismuth in the 1st solvent, and prepares the 1st solution, The process which is made to 
dissolve strontium acetate in the 2nd solvent, and prepares the 2nd solution, The process which is made to 
dissolve titanic-acid isopropyl, tantalum ethoxide, and niobium ethoxide in the 3rd solvent, and prepares the 
3rd solution, The process which is made to mix the solution prepared at each process, and prepares one 
homogeneous solution, this — a homogeneous solution is deposited on a substrate, the process which forms 
SrBi(l-x) 2 Ta<SUB>209-xBi3TiNb09 film on this substrate is included, and the above-mentioned 
purpose is attained by performing these processes at an external world room temperature. 
[0023] In addition, it is desirable to include the process which carries out annealing of said substrate and 
said thin film at a certain temperature between 600 degrees C and 750 degrees C. Furthermore, said 1st 
solvent may be 2-ethylhexanoic acid, said 2nd solvent may be an acetic acid and said 3rd solvent may be 2- 
methoxyethanol. moreover, the process which forms an up electrode and a lower electrode — it is — this — 
when two electrodes put said film, the process which forms capacitor structure may be included. 
[0024] An operation is explained below. Processing at the lower temperature of the device which became 
mixable [ the precursive solution in a room temperature ] with, and was completed by using an alkoxide salt 
precursive solution by this invention is attained. Furthermore, it becomes producible at the room 
temperature of SBT, SrBi(l-x)2Ta209-xBi3TiTa09, and (1-x) SrBi2Ta209-xBi3TiNb09. 
[0025] 

[Embodiment of the Invention] The chemical preparation technique changed in order to conquer the trouble 
about the technique of the approach in selection of the proposed new solid-solution ingredient, consideration 
and a process, and the capacitor of the SBT base is described below. 

[0026] - In order to have a stratified perovskite structure with a suitable SBT layer, the high temperature 
(800 to 850 degree C) depending on a film deposition technique is required. At temperature lower than it, 
the membranous fine structure and strong dielectric characteristics are not good. Therefore, this 
phenomenon may happen to the property of the polycrystal of the SBT layer relevant to the direction of 
polarization of a SBT ingredient. When designing a capacitor in submicron magnitude required for such 
memory, an essential high polarization value is indispensable and obtains. The idea of using a solid-solution 
ingredient for solution of these technical problems is based on bulk ceramic approach. In bulk ceramic 
approach, although the fine structure differs from the curie temperature characteristic, structure changes a 
material property by producing the solid solution of an alike different ingredient (refer to the above- 
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mentioned E.C.Subbarao). Although the Curie temperature of SBT is 310 degrees C, Bi3TiTal-yNby09 has 
the Curie temperature within the limits of 870 to 950 degree C. Both of these ingredients belong to a 
stratified perovskite system. Therefore, the solid solution of these two ingredients is considered that a higher 
Curie temperature is shown. 

[0027] - Although it is reported that 27.7micro (Ps) of saturation part extremal value of Bi3TiNb09 
ingredient is C/cm2, it is reported that the saturation part extremal value (Ps) of a bulk SBT ingredient is 
5.8microC/cm2. Therefore, the solid solution of these two ingredients is considered that a higher 
polarization value is shown as compared with SBT. 

[0028] Since strong dielectric characteristics are poor ** in lower annealing temperature, temperature of 
annealing after deposition cannot be lowered. This problem is based on the autogenous property of an 
ingredient, and originates in the size of a particle being small at lower annealing temperature. Bi3TiTal- 
yNby09 ingredient shows a quite big particulate structure under the same annealing conditions as compared 
with SBT. Therefore, the solid solution of these two ingredients is lower annealing temperature, and it is 
thought as compared with SBT that a bigger grain size is formed. So, this solid solution solves the technical 
problem that processing temperature is reduced. 

[0029] The same idea is applicable also to production of other solid-solution ingredients. The solid solution 
of a stratified perovskite ingredient is a compound expressed with :(G. A.Smolenskii et al., "Ferroelectrics 
and related materials", Gordon and Breach Science Publishers, New York, 1984 reference)!, chemical 
formula Am-lBi2Mm03m+3 [ between the ingredients which may be classified into the following three 
common types ] which can be produced. They are other ion which can occupy at least the oxygen of 
A=Bi3+, Ba2+, Sr2+, calcium2+, Pb2+, K+, Na+ and other comparable ion of size, M=Ti4+, Nb5+, Ta5+, 
Mo6+, W6+, Fe3+, and eight face pieces here. This contains a compound like Bi4Ti 3012 and SrBi2Ta 
209. 

[0030] 2. Chemical formula Am+lMm03m+ Compound expressed with 1. This contains a compound like 
Sr2Ti04 which is strontium titanate, Sr3Ti 207, and Sr4Ti 3O10. 

[0031] 3. Chemical formula AmMm03m+ Compound expressed with 2. This contains a compound like 
Sr2Nb 207 and La2Ti 207. 

[0032] These stratified perovskite ingredients contain the metallic-oxide complex (complex oside of metals) 
(this metal is strontium, calcium, barium, a bismuth, cadmium, lead, titanium, a tantalum, a hafnium, a 
tungsten, niobium, a zirconium, a scandium, an yttrium, a lanthanum, antimony, chromium, a thallium, etc.) 
which forms a stratified perovskite structure spontaneously. Generally, each stratified perovskite ingredient 
contains the two or more above-mentioned metals. During processing like lead, a bismuth, a thallium, and/or 
antimony, when the ingredient contains evaporation and the element which will disappear if there is nothing 
as if, it can make a content superfluous in 1-100% of range, and the optimal property can be acquired. 
Moreover, in order to change a property according to the application of various electronic devices, it is also 
possible to dope these solid-solution ingredients. This invention offers the simple room temperature 
chemical precursive solution preparation technique for forming the crystal film which does not contain 
pyrochlore at low annealing temperature. Even if it was low annealing temperature, the chemical precursive 
solution technique which forms the crystal phase which does not contain pyrochlore and which used 
carboxylate and an alkoxide together was developed. The main descriptions of a process are preparation at a 
room temperature, short preparation time amount, the ease of acquisition of a precursor, stability, and 
compatibility with a semi-conductor manufacturing technology. Since cost becomes higher in respect of a 
facility and manpower, the manufacture process covering long duration has a desirable process in a short 
time. This process is applicable to perovskite, pyrochlore, stratified perovskite or a tungsten bronze 
ingredient, and manufacture of these solid solutions. Moreover, the same approach is useful also to doping 
of these ingredients. 

[0033] This process suits a conventional integrated-circuit ingredient and a conventional process simply. In 
this process, the precursive solution containing each metal of a desired thin film compound is prepared first. 
There are an approach only by ( 1 ) alkoxide, an approach by (2) alkoxide salt, and the three general 
approaches of approach ** of (3) and others as preparation approach of the precursive solution for oxide 
thin film formation. By these techniques, the network structure of an oxide is formed through the 
condensation of the molecule of hydrolysis and a precursor. This chemical reaction is controlled by 
elements, such as the molecular structure of a hydrolysis rate, a catalysis, and a precursor. In the latter, it is 
easily changeable by carrying out oligomer formation of the chemistry additive of the nucleophilicity which 
adjusts the coordination shell of a metal like an organic acid (beta-diketone or close relationship derivative 
(allied derivatives)), carrying out a solvation, or adding. Selection of the compound of a precursor and its 
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solvent is the most important process in the approach which uses the precursive solution for thin film 
formation. The most important points that should be take into consideration be the removal of the organic 
substance from the thin film influence and deposited which an operation of a solvent , reaction temperature , 
and it exert [ whether the stoichiometric number of the various elements in a solution be suitable , and ] on 
homogeneity with a molecular level about the chemical formula with which it be require whether the 
property of the class of initial matter and a mixed metal kind ( mixed-metal species ) should be form , and 
crystallization temperature . By the approach only by the alkoxide, the alkoxide containing each element of 
a desired compound is selected as the first process, and one solution containing a required metal cation is 
compounded. Generally, the solution consists of a metal alkoxide [M(OR) x] which dissolved in the 
alcoholic solvent. If water is added to an alkoxide solution, hydrolysis will take place, then a condensation 
reaction and formation of network structure will take place, and it will become the structure which the gel of 
a polymer finally followed. Although various alkoxides were compounded and it has been used for thin film 
formation, what has low solubility, what has difficult preparation, and the thing which is not stability with 
time are also in a metal alkoxide. Hydrolysis and condensation Seki of most metal alkoxides are carried out, 
and they react sensitively. Occasionally it is impossible to use an alkoxide exclusively to the solution of 
multicomponent nature, and it needs a substitute precursor. The ceramic by which most was improved is the 
ingredient of the multicomponent nature which has two or more kinds of cations in a grid. Since an alkoxide 
precursor is mixed by the solution with a molecular level, high homogeneity is required. However, the main 
technical problems in preparation of a homogeneous multicomponent nature solution are that hydrolysis of 
each metal alkoxide differs from the rate of condensation. Consequently, phase separation may occur during 
hydrolysis or heat treatment. Phase separation raises crystallization temperature and generates the crystal 
phase which is not a request. So, it is necessary to prepare the homogeneous high solution from which the 
cation of a different type in a solution is distributed over homogeneity on an atomic scale in between a M-O- 
M' bridge. Therefore, an initial solution must be processed so that association may break out among various 
alkoxide precursors first before gelation. Although especially the difficult point of the approach in the 
approach only by the alkoxide is related with the alkoxide of fusibility, it is distinguishing the stoichiometric 
number between whether the mixed metal kind's (mixed-metal species's) having been formed and a metal, 
formation of the metal kind with which the solubility of the metal alkoxide under other metal alkoxide 
existence was not necessarily mixed — getting it blocked — since homogeneity in a molecular level is not 
meant, it is the decision criterion which treatment takes cautions. For example, no reaction occurs by 
bismuth 2-methoxy ethoxide and titanium 2-methoxy ethoxide in spite of preparation of a homogeneous 
solution (IR and 1HNMR verification). In the compound which contains a bismuth as one element, selection 
of a precursor poses a problem for reactant lack of a bismuth alkoxide. It is known that a reaction is not 
shown to various metal alkoxides containing a bismuth alkoxide, Bi(OR) 3 R=Et, iPr, ** niobium, a 
tantalum, titanium, and lead. 

[0034] According to the approach using an alkoxide salt, many of these technical problems that the 
approach only by the alkoxide has are conquerable. Fundamentally, although the word "salt" in the process 
to indicate is mentioned about carboxylate, it contains not only this but a nitrate, a sulfate, a carbonate, a 
chloride, and a hydroxide. An alkoxide and carboxylate are positioned by the group of a metaled organic 
derivative who has a metal-oxygen-carbon to carbon bond. Since a salt can be selected as a precursor instead 
of an alkoxide to some elements of a desired compound, according to the approach using an alkoxide salt, 
many of technical problems which the approach only using an alkoxide has are conquerable. For most 
metals, metal carboxylate with the ligand of the die length of whenever [ middle ] is a desirable precursor 
compound, a carboxylate anion (general chemical formula RCOO-) — the ligand of variability — it is — (1) — 
it only exists as an opposite anion, or what (2) metals are combined for with (a) single seat, (b) chelation, or 
(c) bridging method is possible. A variety of available groups (for example, R may be H, alkyl, an allyl 
compound, perfluoro-alkyl, etc.) strengthen the variability of the ligand of carboxylate greatly. Metal 
carboxylate has the important description which forms association between metals. Metal acetate or 2- 
ethylhexanoic acid precursor acts on most metals. They act as a source of an active metal oxide, and 
participate in a reaction with a metal alkoxide. The acetate of bi valence and a trivalent metal shows high 
reactivity to a metal alkoxide, and is often easily incorporated by the mixed metal kind under a quiet 
condition. For example, magnesium, cadmium, barium, strontium, and leaden acetate are separated and 
incorporated within a mixed metal kind at a room temperature. Selection of a solvent is important also in the 
approach which uses an alkoxide salt. A solvent can do various effects. A solvent can generate and/or 
stabilize intermediate field (intermediates), and can perform preparation or an alteration of a reaction by it. 
Existence of alcohol is useful to formation of a reaction kind (reactive spiecies). I hear that the by-product of 
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a reaction is non-reactivity comparatively compared with H20 which is a by-product in the approach which 
uses only an alkoxide, and it has the main advantages of the approach using alkoxide-carboxylate. In all 
alkoxide acetate, a carboxylate ligand is in the location of a bridging and a different metal is connected. 
Generally alkoxide acetate shows fusibility higher than a mere alkoxide especially to manager of a youth 
hostel alcohol. Most metal alkoxides react to hydrolysis and condensation very sensitively. These must be 
stabilized in order to avoid precipitate. These reactions are controlled by the metal alkoxide and addition of 
the complexing agent which reacts with a molecular level, and the precursor by the new molecule which has 
structure, different reactivity, and different functionality is generated. The carboxylic acid and beta-diketone 
(mainly acetylacetone) like an acetic acid act as a ligand of the nucleophilicity which it hydroxylated, and 
are useful to control of the hydrolysis rate by decreasing the functionality of a precursor. The alkoxide and 
carboxylate under alcohol and carboxylic-acid existence react, and form the smallest possible condensation. 
By this condensation, a metal can obtain the most usual coordination number, therefore hydrolysis becomes 
difficulty more. It has the property to which the nucleophilicity (nuclearity) of floe is made to increase in 
order that carboxylate may act as a ligand which supplies assembling and OKISO, and on the other hand, 
since diketone is a chelate ligand, it has the property to decrease oligomer formation. The general process of 
the film formation approach by this invention is shown in drawing 1 . The process a which is the first 
process is selection of a precursor compound and a solvent. In the thin film formation by the chemical 
technique using a precursive solution, selection of a precursor compound and a solvent is an important 
process. The retention period of the precursor to each metal must be long. The selected precursor must have 
high fusibility within the selected solvent. Moreover, various solvents must be congenial when mixed. Since 
the precursive solution finally obtained has a comparatively long retention period, it can be prepared so 
much beforehand and can be used if needed. Each process in the approach by the alkoxide salt is shown 
below. 

[0035] 1 . Selection of metal alkoxide or carboxylate used as initial precursor. 

[0036] A precursor must be the thing which is contained in the matter and which made comparatively small 
the organic substance group who forms a ligand with the metal which finally serves as a thin film. By this, 
the amount of the organic material which must be evaporated was made into min, therefore pore in the film 
and size of other detailed defects were made into the minimum. Moreover, since the polarity is usually very 
large, the metal carboxylate of a short chain has high water solubility. Therefore, even if hydrolysis water is 
added to a solution, it does not dissociate. However, if a polarity is high, it also has the insoluble property in 
the solution with the high boiling point like a xylene or 2-methoxyethanol. On the other hand, generally all 
long-chain metal carboxylate like neodecanate or 2-ethylhexanoic acid is meltable to one of 2- 
methoxyethanol and the xylenes. However, these are insoluble to water. Thus, if a substantial quantity of 
metal neodecanate or metal 2-ethyl hexanate exists, hydrolysis water and the gel of an alkoxide will 
dissociate around the waterdrop generated when hydrolysis is performed. Moreover, since a long-chain 
ingredient contains a lot of organic materials, it cannot form the outstanding film. Therefore, metal 
carboxylate with the ligand of the die length (the carbon number with which it is combined in the chain is 
ten or less about) of whenever [ middle ] is suitable with preparation and quality thin film formation of a 
retention period of a long precursive solution. It is desirable that it is metal carboxylate in which metal 
carboxylate has the ligand of the chain of die length of whenever [ middle ] like metal acetate metallurgy 
group 2-ethyl hexanate. These are applicable to most metals. Instead, a nitrate, a lead sulfate, a carbonate, a 
chloride, and a hydroxide can also be selected as a precursor. 

[0037] 2. A carboxylic acid can be selected as a solvent of metal carboxylate. The boiling point of a solvent 
is higher than 100 degrees C, and it is desirable that it is within the limits of 100 to 250 degree C. The 
suitable solvents to an alkoxide salt precursive solution are alcohol, aromatic hydrocarbon, a ketone, ester, 
the ether, and alkanolamine. It is possible to use for optimization of the solubility and viscosity for obtaining 
quality coating combining one kind of solvent or two or more solvents. 

[0038] At Process b, each precursor is dissolved in the selected solvent, then these solutions are mixed, and, 
finally a homogeneous solution is obtained. At Process c, the hydrolysis and the polycondensation of a 
solution which were finally acquired are performed and this last solution is stabilized. This is usually 
processed by the carboxylic acid, beta-diketone, alcoholysis, and/or hydrolysis. A substrate is made to 
deposit a precursive solution at Process d. The film can be formed from a precursive solution using spin, a 
DIP, or a spray technique. Generally an alcoholic solution can dip all the metal substrates that have a thin 
oxide layer, an oxide substrate, or a semi-conductor substrate in a front face. Almost all the substrates that 
support a thin film, and are compatible with a film ingredient, and can be equal to processing can be used. 
Here, the thin film was formed by the spin coating technique. A spin coating technique is the deposition 
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approach learned well, and is the approach of installing a precursor on a wafer, rotating a wafer and 
distributing a precursor over homogeneity all over a wafer. In order to control thickness, it is necessary to 
optimize a spin rate and the viscosity of a solution. Preferably, a spin rate is good for 5 seconds to 120 
seconds to rotate a wafer within the limits of lOOOrpm to 7000rpm. The film formed on the substrate at 
Process d is wet film. At Process e, in order to remove an organic inclusion, the film is baked. After coating 
processing (process d), a wafer is moved on a hot plate and baking is carried out there. Instead, when control 
of ambient conditions is desired, baking may be performed using oven. Preferably, baking is performed in 
the time amount for 1 to 15 minutes, and a 150 to 350 degree C temperature requirement. A desiccation 
process may be set as arbitration between coating and the process of baking. Preferably, desiccation is 
performed in a 150 to 200 degree C temperature requirement. It carries out by repeating spin, desiccation, 
and the process d and e of baking, i.e., processes, until desired thickness is obtained, if desired thickness is 
not obtained by one coating. At Process f, the last layer performs membranous annealing within a diffusion 
furnace or a high-speed thermal annealing system, coating and after baking is carried out. Annealing is 
preferably performed at various time amount and various temperature in the oxygen ambient atmosphere of 
various flow rates. The crystal film which has a different gestalt can be obtained depending on the class and 
art of a substrate. The most general product is the polycrystal film without a specific crystal stacking 
tendency. Even if the polycrystal film usually uses the type of which substrate among single crystal 
substrates with large polycrystal nature substrate, amorphous substrate, and grid mismatching, it is obtained. 
The film by which texture orientation was carried out can obtain under some special conditions. First, when 
using a single crystal substrate with fairly big grid mismatching, the film which grows all over a front face 
has a desirable advanced stacking tendency. Instead, if small dc (direct current) bias electric field are 
impressed along a substrate front face during the annealing processing after deposition, the film with a 
suitable stacking tendency can be grown up. The film in which annealing was carried out by the high-speed 
thermal annealing process also shows a suitable stacking tendency depending on conditions. When the small 
single crystal substrate of grid mismatching is used, the epitaxial film can be formed in a ferroelectricity 
system. 

[0039] (Operation gestalt 1) As mentioned above, 20SrBi2Ta9 film was formed by the chemical precursive 
solution technique using the solution preparation technique under a room temperature. In order to produce 
SrBi2Ta 209, 2-ethylhexanoic acid bismuth, strontium acetate, and tantalum ethoxide were selected as a 
precursor, and an acetic acid, 2-ethylhexanoic acid, and 2-methoxyethanol were selected as a solvent. The 
selected precursor had high fusibility in the solvent which corresponds under external world room 
temperature conditions. 2-ethylhexanoic acid bismuth dissolved in 2-ethylhexanoic acid, strontium acetate 
dissolved in the acetic acid, and the tantalum ethoxide solution was formed into the 2-methoxyethanol 
solution. In consideration of loss of the bismuth under processing, the bismuth was added superfluously. The 
best result was obtained when a bismuth was added to an excess 30%. Then, the variety solution was mixed. 
The last solution was stable and transparent. The viscosity and surface tension of a solution were controlled 
by changing the content of 2-methoxyethanol. This operation gestalt performed membranous annealing in 
the 600 to 750 degree C temperature requirement in the oxygen ambient atmosphere. The X diffraction 
pattern of the film of this operation gestalt is shown in drawing 2 . It turned out that this film is crystallized 
good at 650 degrees C also excluding pyrochlore and a secondary phase (secondary phase). It turned out that 
the reinforcement and sharpness of a peak of an X diffraction pattern increase as annealing temperature rose. 
This shows increase of the magnitude of crystal grain, and degree of crystallinity. Drawing 3 is the atomic 
force microscope photograph of the film by which annealing was carried out at 750 degrees C. This film 
shows the dense fine structure without a crack or a defect. The electrical property was acquired about the 
film in a metal-ferroelectricity film-metal (MFM) configuration. The MFM capacitor was formed by making 
a platinum electrode deposit on a membranous up front face through a mask by sputtering. The lower 
platinum electrode was installed by etching the film. The dielectric constant of the film by which annealing 
was carried out at 750 degrees C was 330 on the frequency of 100kHz. Draw ing 4 is drawing showing the P- 
E hysteresis loop in the film by which annealing was carried out at 750 degrees C. The remanence value 
(2Pr) of 20SrBi2Ta9 thin film was 17.2microC/cm2, and the coercive electric field values were 23 kV/cm. 
As shown in dr awin g 5 , this film showed good switching-proof nature under the switching cycle which 
impressed the load of the amphipathy to at least 1010 times. 

[0040] (Operation gestalt 2) In formation of SrBi2Ta209-xBi3TiTa09 thin film, 2-ethylhexanoic acid 
bismuth, strontium acetate, titanic-acid isopropyl, and tantalum ethoxide were selected as a precursor, and 
an acetic acid, 2-ethylhexanoic acid, and 2-methoxyethanol were selected as a solvent (1-x). The selected 
precursor had high ftisibility in the solvent which corresponds under an external world room temperature. 2- 
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ethylhexanoic acid bismuth dissolved in 2-ethylhexanoic acid, strontium acetate dissolved in the acetic acid, 
and the solution containing tantalum ethoxide and titanic-acid isopropyl was formed into the 2- 
methoxyethanol solution. In consideration of loss of the bismuth under processing, the bismuth was added 
superfluously. Then, the variety solution was mixed. The last solution was stable and transparent. The 
viscosity and surface tension of a solution were controlled by changing the content of 2-methoxyethanol. 
This operation gestalt performed annealing of the film of compound 0.7SrBi2Ta2O9-0.3Bi3TiTaO9 in the 
600 to 750 degree C temperature requirement in the oxygen ambient atmosphere. The X diffraction pattern 
of the film of this operation gestalt is shown in drawing 6 . It turned out that this film is crystallized good at 
600 degrees C also excluding pyrochlore and a secondary phase. It turned out that the reinforcement and 
sharpness of a peak of an X diffraction pattern increase as annealing temperature rose. This shows increase 
of the magnitude of crystal grain, and degree of crystallinity. Drawing 7 is the atomic force microscope 
photograph of the film by which annealing was carried out at 750 degrees C. This film shows the dense fine 
structure without a crack or a defect. It turned out that the magnitude of crystal grain has improved 
considerably under the same conditions as compared with 20SrBi2Ta9 film ( drawing 3 ) by which 
annealing was carried out. The electrical property was acquired about the film in a metal-ferroelectricity 
film-metal (MFM) configuration. The MFM capacitor was produced by making a platinum electrode deposit 
on a membranous up front face through a mask by sputtering. The lower platinum electrode was installed by 
etching the film. The dielectric constant of the film by which annealing was carried out at 750 degrees C 
was 200 on the frequency of 100kHz. Drawing 8 is drawing showing the P-E hysteresis loop in the film by 
which annealing was carried out at 750 degrees C. 0.7 SrBis, the remanence value (2Pr) value of 2Ta209- 
0.3Bi3TiTaO9 thin film was 27.8microC/cm2, and the coercive electric field values were 68 kV/cm. 
Moreover, the strong dielectric characteristics considerably improved as compared with 20SrBi2Ta9 film 
also showed the film of this operation gestalt by which annealing was carried out at 650 degrees C (Table 1). 
Processing at low temperature is desired so that it may be useful to choosing the suitable barrier layer of a 
memory device. It turns out that 2Pr value was considerably improved about the solid solution (Table 1). As 
shown in drawing 9 , this film showed good switching-proof nature under the switching cycle which 
impressed the load of the amphipathy to at least 1010 times. 

[0041] (Operation gestalt 3) In formation of SrBi2Ta209-xBi3TiNb09 thin film, 2-ethylhexanoic acid 
bismuth, strontium acetate, titanic-acid isopropyl, tantalum ethoxide, and niobium ethoxide were selected as 
a precursor, and an acetic acid, 2-ethylhexanoic acid, and 2-methoxyethanol were selected as a solvent (1-x). 
The selected precursor had high fusibility in the solvent which corresponds under an external world room 
temperature. 2-ethylhexanoic acid bismuth dissolved in 2-ethylhexanoic acid, strontium acetate dissolved in 
the acetic acid, and the solution containing niobium ethoxide, tantalum ethoxide, and titanic-acid isopropyl 
was formed into the 2-methoxyethanol solution. In consideration of loss of the bismuth under processing, 
the bismuth was added superfluously. Then, the variety solution was mixed. The last solution was stable and 
transparent. The viscosity and surface tension of a solution were controlled by changing the content of 2- 
methoxyethanol. This operation gestalt performed annealing of the film of compound 0.8SrBi2Ta2O9- 
0.2Bi3TiNbO9 in the 600 to 750 degree C temperature requirement in the oxygen ambient atmosphere. The 
X diffraction pattern of the film of this operation gestalt is shown in drawing 10 . It turned out that this film 
is crystallized good at 600 degrees C also excluding pyrochlore and a secondary phase. It turned out that the 
reinforcement and sharpness of a peak of an X diffraction pattern increase as annealing temperature rose. 
This shows increase of the magnitude of crystal grain, and degree of crystallinity. Drawing 1 1 is the atomic 
force microscope photograph of the film by which annealing was carried out at 750 degrees C. This film 
shows the dense fine structure without a crack or a defect. It turned out that the magnitude of crystal grain 
has improved considerably under the same conditions as compared with 20SrBi2Ta9 film ( drawing 3 ) by 
which annealing was carried out. The electrical property was acquired about the film in a metal- 
ferroelectricity film-metal (MFM) configuration. The MFM capacitor was produced by making a platinum 
electrode deposit on a membranous up front face through a mask by sputtering. The lower platinum 
electrode was installed by etching the film. The dielectric constant of the film by which annealing was 
carried out at 750 degrees C was 200 on the frequency of 100kHz. Drawing 12 is drawing showing the P-E 
hysteresis loop in the film by which annealing was carried out at 750 degrees C. 0.8 SrBis, the remanence 
value (2Pr) of 2Ta2O9-0.2Bi3TiNbO9 thin film was 26.9microC/cm2, and the coercive electric field values 
were 68 kV/cm. Moreover, the strong dielectric characteristics considerably improved as compared with 
20SrBi2Ta9 film also showed the film of this operation gestalt by which annealing was carried out at 650 
degrees C (Table 1). It turned out that 2Pr value has improved very much in the solid solution (Table 1). As 
shown in drawi ng 13 , this film showed good switching-proof nature under the switching cycle which 
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impressed the load of the amphipathy to at least 1010 times. The experimental result of the above-mentioned 
operation gestalten 1-3 is shown in degree table. Thereby, it turns out that strong dielectric characteristics 
have been improved. 
[0042] 
[Table 1] 





SrBi,Ti,0, 


0.7S rBi.Ta,O,-0.3 Bi/TTTaO, 


0.XSrBi ; Ta 3 O,^).2Bi J TL'VbO t 




















(pC/cm') 






650 °C 


4.4 


12.4 


12.1 


150 "C 


17.2 


27.8 


26.9 



[0043] 

[Effect of the Invention] According to this invention, the approach of producing the solid solution of the 
stratified perovskite ingredient especially used as non-volatile random access memory and a thin film used 
for an accumulation electronic device can be offered. In this invention, by using an alkoxide salt precursive 
solution, it becomes mixable [ the precursive solution in a room temperature ] with, and processing at the 
lower temperature of the completed device is attained. Furthermore, it becomes producible at the room 
temperature of SBT, SrBi(l-x)2Ta209-xBi3TiTa09, and (1-x) SrBi2Ta209-xB i3TiNb09. at the annealing 
temperature after the low deposition of 650 degrees C, pyrochlore is not contained by this invention — high - 
- the chemical precursive solution preparation technique in the room temperature developed in order to form 
the **** crystal film is offered. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2/10/2006 



JP,1 1-049600, A [DRAWINGS] 



Page 1 of 5 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 71 
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[Drawing 13] 
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